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Summary

This xeport contains artificial

of a Bet of propellez se~ticns to be

aerodynamic characteristics

used in iiesigningpropel- _ ‘

lem by means of the &lade element theory. Characteristics com-
,

puted frcm model propellez tests for a single section are ex-

tended to cover sections of all thicknesses by means of model
●

wing tests on a series of Havy propeller sections at high Rey-
V

nclds Number in the variable density turunelof the National

Advisory Ccmnittce for Aeronautic”

Introfluction

Designing propellers by means
of the blade element thco~ .

requires the knowledge of aerodynamic char:cteristics which tru-
.

Airfoil characteristics ob-ly represent the airfoil ~~ctions ● .

tained from wind”turnel model wing tests are often used for “

lack of better infoz’ms,tion”The~e, @~y~~ e?, are not directly

applicable to segyle~.tsof Yevolvtig pmpe”ller blades. Better

i
results arc obtai~sd by .-Mi:lgcha~acteristics that have been —..—.—

●

calculatcd frem-mcdel propc1ler tests. Such characteristics have
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been determined fox a limited number of sections (Reference 3).

They are extem.~ed,to cover sections of all practicable

thicknes~es by rfieansof model wing tests on a series of Navy

propellex sections (Reference l).

These tests were made in the variable den~ity wind tunnel

of the National Advisory Committee for Aeronautics. The sec-

tions were tested at two tank pm?ssures, one atmosphere and

, twenty atmospheres, the Reynolds Number at the latter pressure

corresponding to about the nax-i.mumfound in propellers. The

~hapes of all the sections are derived from a standard curve

(Fig. 5) in such a manner t~t the ratio of corresponding ordi-
b-

.-

nates to the maximum ordinate remain-stke same. The cambers or

w
maximum ordinates in terr@ of the chord of the six sections

tested were, .04, .08, .10, .12, .16 and .20. These cover the

range of flat faced sections usually found in propellers. .1

camber of .04 is slightly less than is used in the thinnest

metal propellers at the present time, and .20 is about the cam-

ber usuatly found at ha~f the radius in wooden propellers.

These sections, scnzetimesslightly modified, have been wide-

ly used in propellers in this country and abroad. This report

gives their aerodynamic cha~actezistics as propeller sections

to be used in the blade element theory.
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Scale Effect

Consider an 11 ft. propellex of average wooden

revolving at 1800 revolutions per minute. The most

Dections, those frcm about 60 to 80 per cent of the

3

construction

effective

rac%ius,are

operating at a Reynolds Number of about 3,600,000, which is

the same as that of the propeller sections tested at twenty at-

mospheres. Neaz the tip of the propeller and at about half the

radius the Reynolds NLIIREEXdrops to approximately 3,000,000.

Fig. 1-shows a set of CL and CD curves at 1 and 20 atmos-

pheres for each section tested. Over the working range the

curves fo~ all but the thickest,sectio~ lie quite close to~ether,

indicating that the scale

is negligible. T~,etests

decr~se in both the lift

Reynolds Wmber.

effect with change of Reynolds Nunber

on the thickest section show a la~ge

and dmg coefficients at the higher.

it is Iusownthat when operating in propellers, the lift and

drag coefficients of airfoil sections increase as their speed

relative to the air is incre.ascd,and this

greater a~ the velcwity app~oachcs that of

Since increasing the Reynolds Number tends

* coefficients where it affects them at all,

ir.creasebecomes

sound (Reference 2).

to decrease these

it follows that this

increase in the coefficients must be due entirely to the compres-

si.bilityof the air.
*

●

✎
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~ropelle~ section Characteristics for Use

With the Blade Xlement Theory

Airfoil characteristics obtained frmn wind tunnel model

wing tests are not directly applicable to airfoil sections in

a propeller, for the conditions of operation are quite differ-

ent. The model airfoils are usually rectangular in plan form,

the characteristics measured being the avqrage for the whole

span. Sections in propellers usually vary in chord and cambc~

along the radius, and the airfoil characteristics as used in

the blade element theory apply to an infinitely small clement

of the span. Furthermore, as Dr. Munk of the staff of this

Committee has pointed out, the centrifugal ~=fect on those par–

titles of air which cnne in contact with the revolving blades

may cause a difference in the air flow.

In order to obtain characteristics which more accurately

represent sections working in a propeller, the values of CL

and L/I) have been com~uted from propeller test data (Reference

3). The propellers tested have standard Navy sections, the

CL and L/D curves being calculated for a few sections of medium

camber. These curves fo~ the section having a camber of .12

are shown in Fig. 2. Ths curves obtained in the variable density

wind tunnel tests at 20 atmospheres for the section having a

camber of .12 are also shown in Fig. 2. It will be noticed that

the lift curves

lift is about 1

are parallel, but the angle of attack for zero

degree lower for the curve calculated from the
!!
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propeller tests.
●

It seems reasonable to assume that the variation of lift and

drag with section thickness is the same for wing sections and

5

—-

propeller sections. Therefore, foz propeller work, a set of

characteristics for these sections covering the full rango of

thicbess might be based on the curves calculated from the pro-

peller tests for a cam”oerof .12 and the variation for other

cambers obtained f~om

density tunnel. Fig.

been faired and cross

the airfoil section tests in the variable

3 shows a set of such curves which have
.-.

faired. The lift coefficient at 20 atinos-

pheres for each section tested has been obtained in relation to

t-hatfor the section of camber .12 at each angle of attack.
●

The faired curves for this relation
(

CT,

CL for camber .1)
plotted

●

against camber are.shown in Fig. 4. The values of the lift

coefficients for all cambers excepting .3-2sho~ in Fig= 3 have .

, been o“btainedthrough Fig. 4. The values of IJ/D in Fig. 3

have been obtained in like manner.

This provides a set of propeller section characteristics

to be used with any accurate form of the blade element theory

which ta~e inflow ~~i=+e~c e

(Reference 4). For all excepzlng the thickest sections they

may be used fou any Reynolds Number, but compressibility of the

air at speeds approaching that of sound is not taken into ac-

count.
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Comparison of,Navy Propeller Sections with Other Airfoil Section~

Tested at Full Soale Reynolds Number

In Fig. 6 the maximum L/D found in the variable density

tunnel at 20 atm~spheres for each of the Navy propeller sections

is plotted agpinst section cam”oer. It will be noticed t~t ex-

cept,for the thinnest section they all plot olose to a straight

line. It was necessary to use a different method of supporting

the section having a camber of .04 in the test due to its ex-

treme thinness, so the high L/D found for it is probably due

to an exror in the drag reading. It is possible, however,’tha.t

the sections,show rapid improvement as the camber is reduced

~rom .66 to .04.*

The maximum values of L/D of some other sections which

have been tested under the same conditions in the variable den–

sity tunnel are also plotted in Fig. 6. Each of the values is .

higher than that of’the propeller section having the same camber,

indicating that for full scale Re-ynoldsKumber, better propeller

sections could

ception of the

hS shown that

be designed for all cambers with the possible ex-

extzemely low ones. More complete investi~tion

this holds true over the entire working range of

the sections and not me.-selyfor the point of maximm L/D. The

use of propeller sections similar to the Clark Y or the U.S~A*

35-B should result in an incre;se in propeller efficiency of

from 2 to 3 perzcent over Navy propeller sections= If this is
.
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confirmed in propeller tests, full scale-tests on a family of
●

improve@ prmpelier sccxi~r.swould be a help to propeller de-

signers.

Co?lclw?ions

1,, Scale effect with change of I@nolds ~hrmbcris ncgli–

gible for all excepting very thick Navy ~ropeller sections. .

2* A set of Navy prcpeller section characteristics is

J given $0 be used m connection with the blade element theory.

3* There seems to be a pose+itility of inc::eas~ngpropel-

ler efficiencies frcm 2 to 3 per cent by the use of better

scctioM.

●
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